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Effects of Febuxostat in Early Gout

A Randomized, Double-Blind, Placebo-Controlled Study
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Objective. To assess the effect of treatment with
febuxostat versus placebo on joint damage in hyper-
uricemic subjects with early gout (1 or 2 gout flares).

Methods. In this double-blind, placebo-controlled
study, 314 subjects with hyperuricemia (serum uric acid
[UA] level of >7.0 mg/dl) and early gout were random-
ized 1:1 to receive once-daily febuxostat 40 mg (in-
creased to 80 mg if the serum UA level was >6.0 mg/dl
on day 14) or placebo. The primary efficacy end point
was the mean change from baseline to month 24 in the
modified Sharp/van der Heijde erosion score for the
single affected joint. Additional efficacy end points
included change from baseline to month 24 in the
Rheumatoid Arthritis Magnetic Resonance Imaging
Scoring (RAMRIS) scores for synovitis, erosion, and
edema in the single affected joint, the incidence of gout

ClinicalTrials.gov identifier: NCT010783.

Supported by Takeda Pharmaceutical International, Inc.

Nicola Dalbeth, MBChB, MD, FRACP: University of Auck-
land, Auckland, New Zealand; *Kenneth G. Saag, MD, MSc: Univer-
sity of Alabama at Birmingham; *William E. Palmer, MD, Hyon K.
Choi, MD, DrPH: Massachusetts General Hospital, Harvard Medical
School, Boston; “Barbara Hunt, MSc, Patricia A. MacDonald, BSN,
Lhanoo Gunawardhana, MD, PhD: Takeda Development Center
Americas, Deerfield, Illinois; *Ulrich Thienel, MD, PhD: RRD Inter-
national, Rockville, Maryland.

Dr. Dalbeth has received consulting fees and/or speaking
fees from Takeda, CymaBay, Ardea Biosciences, AstraZeneca, and
Horizon (less than $10,000 each) and research grants from
AstraZeneca. Dr. Saag has received consulting fees from Takeda,
Sobi, Horizon, and Ironwood/AstraZeneca (less than $10,000 each)
and research grants from Takeda, Sobi, Horizon, and Ironwood/
AstraZeneca. Dr. Choi has received consulting fees, speaking fees,
and/or honoraria from AstraZeneca and Takeda Pharmaceuticals (less
than $10,000 each) and research grants from AstraZeneca and Takeda
Pharmaceuticals. Ms MacDonald owns stock or stock options in
Takeda Development Center Americas, Inc. Dr. Gunawardhana owns
stock or stock options in Takeda Development Center Americas, Inc.

Address correspondence to Nicola Dalbeth, MBChB, MD,
FRACP, Department of Medicine, University of Auckland, Private
Bag 92019, 85 Park Road, Grafton, Auckland, New Zealand. E-mail:
n.dalbeth@auckland.ac.nz.

Submitted for publication April 7, 2011; accepted in revised
form August 11, 2017.

2386

flares, and serum UA levels. Safety was assessed
throughout the study.

Results. Treatment with febuxostat did not lead
to any notable changes in joint erosion over 2 years. In
both treatment groups, the mean change from baseline
to month 24 in the modified Sharp/van der Heijde ero-
sion score for the single affected joint was minimal,
with no between-group differences. However, treatment
with febuxostat significantly improved the RAMRIS
synovitis score at month 24 compared with placebo
treatment (change from baseline —0.43 versus —0.07;
P <0.001), decreased the overall incidence of gout
flares (29.3% versus 41.4%; P < 0.05), and improved
serum UA control (62.8% versus 5.7%; P < 0.001). No
major safety concerns were reported.

Conclusion. Urate-lowering therapy with febuxostat
improved magnetic resonance imaging-determined
synovitis and reduced the incidence of gout flares in
subjects with early gout.

Gout is a chronic disease characterized by
monosodium urate crystal deposition (1,2). Gout man-
agement guidelines recommend urate-lowering therapy
for subjects with frequent flares, typically at least 2
flares in the preceding year (3). Xanthine oxidase inhi-
bitors such as allopurinol or febuxostat are recom-
mended by the American College of Rheumatology
(ACR) as first-line urate-lowering therapy for subjects
with gout (3). The benefits and risks of urate-lowering
therapy for subjects with earlier disease are unknown.
Recently, the conventional clinical treatment goal of
achieving a significant reduction in the serum urate
level has been brought into question by national guide-
lines that focused heavily on improvement of gout
symptoms (4). Thus, there is considerable need for
clinical trial data showing clear associations between a
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reduction in urate levels and less frequent gout flares,
which we examined in this study.

While acute self-limiting flares are the most com-
mon clinical presentation of gout, joint damage is a fre-
quent complication (5). Both bone erosion and focal
cartilage damage are closely associated with the presence
of tophi within the joint (6,7). Although joint damage is
typically a late feature of long-standing gout, longitudinal
observational data have indicated that joint damage can
occur in some subjects with early disease, and that devel-
opment of bone erosion is associated with clinical evi-
dence of increased urate crystal deposition (8).

In subjects with gout, the severity of joint damage
can be evaluated by a number of different imaging
techniques, including plain radiography and magnetic
resonance imaging (MRI) (2,9). Scoring based on radio-
graphic images is commonly used to analyze the severity
and progression of structural damage, such as bone ero-
sions and joint space narrowing (JSN) (9). Compared
with plain radiography, MRI provides increased sensitiv-
ity for assessing joint damage by detecting abnormalities
in both bone and soft tissue (10). The aim of this study
was to assess the effect of treatment with febuxostat
compared with placebo over a 2-year period in hyper-
uricemic subjects with early gout.
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PATIENTS AND METHODS

Study design. This phase II, double-blind, multicenter,
placebo-controlled study enrolled subjects with hyperuricemia
(serum uric acid [UA] level of >7.0 mg/dl) and early gout (de-
fined as 1 or 2 flares). This study was conducted at sites in
the US, in compliance with the institutional review board/in-
dependent ethics committee regulations stated in the US
Code of Federal Regulations, Good Clinical Practice (GCP)
regulations and guidelines, the principles of the Declaration
of Helsinki and the International Conference on Harmonisa-
tion guidelines for GCP, and all applicable local regulations.
All subjects provided informed consent prior to participation
in any study procedures. All study protocols, along with
informed consent forms, were approved by the study site
institutional review boards or independent ethics committees.

The study duration was 24 months. After an initial
clinic visit for eligibility screening on day —35, subjects were
randomized 1:1 on day 1 to receive either febuxostat 40 mg
once daily or placebo (Figure 1). Serum UA levels were
assessed on day 14; in subjects with a serum UA level of >6.0
mg/dl, the febuxostat dosage increased to 80 mg once daily at
month 1, and this dosage was maintained for the remainder
of the study. Subjects with a serum UA level of <6.0 mg/dl
continued to receive febuxostat 40 mg. For the first 6 months,
all subjects received prophylaxis against gout flares (either
colchicine 0.6 mg once daily or naproxen 250 mg twice daily
plus lansoprazole 15 mg once daily). In subjects receiving
concomitant medications and those with comorbid conditions,
the dose of colchicine could be reduced, or other gout flare

Day -35 N = 798

Subjects screened ]

Subjects not enrolled

N =484
Reasons for screening failure
Did not meet entrance criteria 408 (84.3%)
Other 31(6.4%)
Voluntary withdrawal 28 (5.8%)
Lost to follow-up 12 (2.5%)
Day 1 [ Subjects randomized ] Study termination 5(1.0%)
N =314
Placebo Febuxostat 40/80 mg*
N =157 N =157

Early termination
Voluntary withdrawal 36 (22.9%)

Lost to follow-up 23 (14.6%)
Adverse event 6 (3.8%)
Other 2 (1.3%)

Month 24 [ Completed ]

90 (57.3%)

Early termination

Voluntary withdrawal 20 (12.7%)
Lost to follow-up 23 (14.6%)
Adverse event 10 (6.4%)

Other 9 (5.7%)
Major protocol deviation 2 (1.3%)

Completed
93 (59.2%)

Figure 1. Study design and subject disposition. * = Of the 157 subjects randomized to receive febuxostat 40 mg once daily, 60 required a dosage

increase to 80 mg once daily at month 1.
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management approaches could be used, as deemed appropri-
ate by the investigator. Subjects returned to the clinic at
scheduled time points for radiographic assessment, MRI, clin-
ical assessment, and laboratory tests for safety assessments.
Subjects were contacted by telephone throughout the study in
order to assess adverse events (AEs), compliance, concomi-
tant medications, and gout flares.

Subject selection. Enrolled subjects were required to
have a serum UA level of >7.0 mg/dl, meet the American
Rheumatology Association preliminary classification criteria
for gout (11), and have early gout (which was defined as 1 or
2 gout flares). Subjects with 2 gout flares could have experi-
enced only 1 flare in the past 12 months. Eligible male subjects
were to be >18 years of age, and eligible female subjects were
to be >45 years of age and >2 years postmenopausal, or >55
years of age in those receiving hormone replacement therapy.

Subjects were not eligible to enroll if they had pre-
viously received urate-lowering therapy or had secondary
hyperuricemia, rheumatoid arthritis (RA), active peptic ulcer
disease, a history of xanthinuria, a myocardial infarction or
stroke within 90 days prior to screening, or cancer not in
remission for >5 years. In addition, subjects could not enroll
if they had an estimated glomerular filtration rate (eGFR) of
<60 ml/minute/1.73 m? as calculated using the Modification
of Diet in Renal Disease equation (12), a serum creatinine
level of >2.0 mg/dl, an alanine aminotransferase or aspartate
aminotransferase level of >2.0x the upper limit of normal, a
history of drug or alcohol abuse in the past 5 years, or any
issues that would prevent them from undergoing MRI or
otherwise participating in the study. Subjects with an eGFR
of <60 ml/minute/1.73 m? were excluded because gadolinium
was considered to be unsafe in subjects with renal impairment
and therefore was not recommended in this population.

Assessments and end points. Efficacy was assessed
using radiography, MRI, incidence of gout flares, and serum
UA measurements. Subjects could not have a disease flare at
the time of the imaging assessments, in order to avoid tran-
siently high synovitis and bone edema scores. Radiographs of
a single affected joint (the joint in which the subject reported
having the first gout flare) and corresponding contralateral
joint were obtained at the time of screening and at the month
6, month 12, month 18, and month 24 visits, and/or the early
termination visit. If the subject was unable to report the
specific location of the first flare, the right first metatarsopha-
langeal joint was considered to be the primary affected joint.
In addition, radiographic assessment of both full hands and
feet was performed at screening and month 24 and/or early
termination. Radiographic assessments were performed using
a modified Sharp/van der Heijde (SHS) scoring system
previously validated in subjects with gout to evaluate bone
erosion and JSN (13). The single affected joint was scored for
erosion (range 0-10), JSN (range 0-4), and erosion plus JSN
total score (range 0-14); the hands and feet were also scored
for erosion (range 0-320), JSN (range 0-208), and erosion
plus JSN (range 0-528).

MRI studies of the affected joint and the correspond-
ing contralateral joint were performed at screening, month 12,
month 24, and/or early termination, using a standardized pro-
tocol and a core set of pulse sequences (14). MRI sequences
of the single affected joint were obtained before and after
gadolinium contrast administration (unless there were con-
traindications to gadolinium use), while MRI sequences of
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the contralateral joint were obtained only before contrast
administration. MRI assessments used the Rheumatoid Arthri-
tis MRI Scoring (RAMRIS) system to evaluate bone erosion
(range 0-10 for each side of the joint, total range 0-20 for the
single affected joint), bone marrow edema (range 0-10 for
each side of the joint, total range 0-20 for the single affected
joint), and synovitis (range 0-3 for the single affected joint)
(14). Synovitis was assessed on contrast-enhanced images. All
radiographic and MRI images were transmitted and archived
by a central imaging vendor (Parexel Medical Imaging [for-
merly Perceptive Informatics]). Images were read only for sub-
jects who completed the month 24 or early termination visit
and were assessed in a blinded manner by 2 independent
readers.

Gout flares were assessed at screening and throughout
the study. Subjects were instructed to contact the investigator
when they experienced a suspected gout flare and when the
flare resolved. Subjects with confirmed acute gout flares
received standard-of-care treatment at the discretion of the
investigator. All gout flares were followed up until complete
resolution was achieved. The percentage of subjects with at
least 1 gout flare was summarized according to time interval
(months 0-6, 6-12, 12-18, and 18-24), as well as for the over-
all study duration.

Serum samples for the analysis of serum UA were col-
lected at the time of screening, day 1 and day 14, months 1,
3, 6, 12, 18, and 24, or early termination. Throughout the
study, the sponsor and investigators at the study sites were
blinded to the serum UA test results.

The primary efficacy end point was the mean change
from baseline to month 24 in the modified SHS erosion score
for the single affected joint. The prespecified secondary effi-
cacy end points were the mean change from baseline to
month 24 in the total modified SHS score for radiographs of
the single affected joint; the modified SHS total score for
radiographs of full hands and feet; the modified SHS erosion
score for radiographs of full hands and feet; and RAMRIS
scores for erosion, edema, and synovitis based on MRI. Addi-
tional efficacy end points included the percentage of subjects
with at least 1 gout flare requiring treatment throughout the
study and the percentage of subjects with a serum UA level
of <6.0 mg/dl at month 24.

Safety was assessed by evaluating the incidence of
AEs, including cardiovascular (CV) AEs, electrocardiography
findings, clinical laboratory values, and vital signs. All CV
AEs, including deaths that were possibly related to CV AEs,
were sent to an adjudication committee for evaluation as
major adverse cardiac events in a blinded manner.

Statistical analysis. The efficacy analysis was per-
formed on the full analysis set, which included all subjects
who were randomized and received >1 dose of study medica-
tion; subjects were analyzed according to the assigned treat-
ment group. Efficacy analyses of imaging end points included
only subjects with results for month 24, because images were
read only for subjects who had completed the month 24 visit.
The percentage of subjects with gout flares was calculated
based on the number of subjects who had >1 day of study
medication exposure during the corresponding time interval.
The safety analysis was conducted with the safety analysis set,
which included all subjects who received >1 dose of study
medication; subjects were analyzed according to the study
medication they received.
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Statistical analyses were performed using SAS System
version 9.2 with the HP-UNix operating system. All statistical
tests and confidence intervals were 2-sided with a significance
level of 0.05. All computations were performed prior to
rounding. Descriptive statistics were used to summarize con-
tinuous variables for demographic and baseline characteristics
and gout history. The number and percentage of subjects
were used to summarize categorical variables for demo-
graphic and baseline characteristics. Primary and secondary
efficacy variables were compared between the placebo and
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febuxostat treatment groups, using rank analysis of covariance
(ANCOVA) model. Baseline imaging results were included in
the ANCOVA model, assessing change from baseline for vari-
ous imaging scores. Descriptive statistics were used to sum-
marize baseline, month 24, and change from baseline to
month 24 values for the efficacy variables. The between-group
difference in the incidence of gout flares was analyzed using
Fisher’s exact test.

Enrollment of 300 subjects (150 per treatment group)
was planned. This sample size provided >80% power to detect

Table 1. Baseline demographics and characteristics of the study subjects®
Placebo Febuxostat Placebo Febuxostat
(n=157) (n=157) (n=157) (n=157)
Characteristic Modified SHS erosion score for
Male sex 145 (92.4) 143 (91.1) full hands and feet (range 0-320)
Mean £+ SD 0.17 + 0.47 0.36 + 1.16
Age, mean + SD years 50.1 + 11.7 514 + 124 >0§ 16/86 (19) 24/91 (26)
Race Total modified SHS score for full
hands and feet (range 0-528)
Asian 10 (6.4) 8 (5.1) Mean + SD 4.56 + 8.63 498 £9.71
Black/African American 24 (15.3) 25 (15.9) >0§ 66/86 (77) 79/91 (87)
White 121 (77.1) 119 (75.8) RAMRIS synovitis score in single
Otherf 2 (1.3) 532 affected joint (range 0-3)
Mean £+ SD 1.09 + 0.69 1.29 £ 0.78
Ethnicity >0§ 68/76 (89) 77/82 (94)
Hispanic or Latino 36 (22.9) 26 (16.6) RAMRIS bone erosion score in
Not Hispanic or Latino 121 (77.1) 131 (83.4) single affected joint (range 0-20)
Mean + SD 1.48 + 0.92 1.63 £+ 0.94
Body mass index, kg/m? >0§ 73/77 (95) 79/84 (94)
Mean + SD 323 +6.23 33.1+£6.40 RAMRIS bone marrow edema
score in single affected joint
>30 100 (63.7) 109 (69.4) (range 0-6)
Mean £+ SD 0.51 £ 0.92 0.73 + 1.02
Renal function} >0§ 27/75 (36) 37/81 (46)
Normal 40 (25.5) 49 (31.2) Location of primary affected joints
Mild impairment 115 (73.2) 105 (66.9) Metatarsophalangeal
Moderate impairment 2 (1.3) 3(1.9) Left 69 (43.9) 58 (36.9)
Baseline serum UA, mg/dl Right 71 (54.2) 75 (47.8)
Mean + SD 8.8 £1.33 8.7 £ 1.40 Overall 140 (89.2) 133 (84.7)
<9.0 93 (59.2) 93 (59.2) Ankle
9.0-10.0 38 (24.2) 38 (24.2) Left 4(2.5) 7 (4.5)
>10.0 26 (16.6) 26 (16.6) Right 7 (4.5) 11 (7.0)
Tophus present at baseline 24 (15.3) 14 (8.9) Overall 11 (7.0) 18 (11.5)
Previous gout flares Metacarpophalangeal
1 113 (72.0) 125 (79.6) Left 1(<1) 0
2 44 (28.0) 32 (20.4) Right 1(<1) 2 (1.3)
Time since last flare, median days 80 98 Overall 2(1.3) 2 (1.3)
Baseline imaging scores Interphalangeal
Modified SHS erosion score for Left 3(1.9) 2 (1.3)
single affected joint (range 0-10) Right 1(<1) 2 (1.3)
Mean + SD 0.11 £ 0.44 0.16 £ 0.44
>0§ 7/82 (9) 12/86 (14) Overall 4.(2.5) 4(2.5)
Total modified SHS score (erosion
and narrowing) for single
affected joint (range 0-14)
Mean + SD 0.77 £ 1.02 0.85 £ 1.06
>0§ 50/82 (61) 54/86 (63)

* Except where indicated otherwise, values are the number (%). UA = uric acid; SHS = Sharp/van der Heijde system; RAMRIS = Rheumatoid

Arthritis Magnetic Resonance Imaging Scoring system.

1 Combined categories of American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, or other.

1 Defined according to the estimated glomerular filtration (¢GFR) rate using the Modification of Diet in Renal Disease equation, where normal
= eGFR >90 ml/minute/1.73 m? mild impairment = eGFR 60-89 ml/minute/1.73 m?, and moderate impairment = eGFR 30-59 ml/minute/1.73 m?.
§ Values are the number/total number (%) of subjects who completed the month 24 visit and had a nonmissing score.
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a difference in the change from baseline to month 24 in the
modified SHS erosion score for the single affected joint at a
2-sided significance level of 0.05, assuming a mean change of
2.0 in the placebo group, 0.5 in the febuxostat group, and a
common SD of 4.0 using the Wilcoxon-Mann-Whitney rank
sum test. The calculation also assumed a dropout rate of 20%.
These assumptions were based on the mean changes in the
modified SHS erosion score observed in a study comparing
adalimumab with placebo in patients with RA (15).

RESULTS

Subject disposition and characteristics. Among
the 798 subjects screened, 314 were enrolled (157 in
each treatment group). The reasons for screening fail-
ure are shown Figure 1. Sixty subjects in the febuxostat
group who initially received febuxostat 40 mg had a
dose adjustment to 80 mg. Ninety subjects (57.3%) in
the placebo group and 93 subjects (59.2%) in the
febuxostat group completed the study (Figure 1). A
total of 78 subjects withdrew during year 1 (37 in the
placebo group and 41 in the febuxostat 40/80 mg
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group). An additional 53 subjects (30 in the placebo
group and 23 in the febuxostat group) dropped out
during year 2. Overall, reasons for discontinuation were
balanced between the 2 groups (Figure 1), with the
exception of the number of subjects withdrawing volun-
tarily, which was slightly higher in the placebo group.
The most common reasons for voluntary withdrawal
included a work schedule conflict and relocation.

The majority of subjects were male (91.7%),
white (76.4%), and had a body mass index of >30 kg/
m? (66.6%); the mean age was 50.8 years (Table 1). In
general, baseline characteristics were balanced between
treatment groups (Table 1). For ~85% of subjects in
each treatment group, the location of the first gout
flare was the metatarsophalangeal joint (Table 1). The
median time since the last flare was 85 days in all sub-
jects. The numbers of subjects with a history of CV
events were similar between groups. In both groups,
among subjects who had a nonmissing score at base-
line, most had RAMRIS erosion and synovitis scores of

Table 2. Change from baseline to month 24 in the primary and secondary end points (intent-to-treat analysis)*

Placebo Febuxostat
Variable n Mean £ SD n Mean + SD
Primary end point
Modified SHS erosion score, single affected joint
Baseline 82 0.11 +£ 0.44 86 0.16 + 0.44
CFB to month 12 80 0.00 £ 0.00 84 —0.01 £ 0.18
CFB to month 24} 82 0.01 +£0.25 86 0.01 £+ 0.33
Secondary end points
Total modified SHS score (erosion and narrowing), single affected joint
Baseline 82 0.77 + 1.02 86 0.85 £+ 1.06
CFB to month 12 80 —0.04 + 0.20 84 —0.03 + 0.38
CFB to month 24 76 0.05 + 0.36 81 0.00 £ 0.60
Modified SHS erosion score, full hands and feet
Baseline 86 0.17 £ 0.47 91 0.36 £ 1.16
CFB to month 24 74 0.11 £ 0.97 78 0.17 £ 1.71
Total modified SHS score, full hands and feet
Baseline 86 4.56 + 8.63 91 498 +£9.71
CFB to month 24 74 0.29 + 1.75 78 0.31 + 2.45
RAMRIS synovitis score, single affected joint
Baseline 76 1.09 + 0.69 82 1.29 £ 0.78
CFB to month 12 72 —0.06 + 0.54 79 —0.34 +£ 0.73%
CFB to month 24 67 —0.07 £ 0.53 75 —0.43 + 0.71§
RAMRIS erosion score, single affected joint, distal + proximal
Baseline 77 1.48 £ 0.92 84 1.63 £ 0.94
CFB to month 12 75 0.00 £+ 0.39 83 —0.11 £+ 0.57
CFB to month 24 69 0.04 £ 0.48 79 —0.01 £ 0.70
RAMRIS edema score, single affected joint, distal + proximal
Baseline 75 0.51 £ 0.92 81 0.73 + 1.02
CFB to month 12 73 —0.07 + 0.83 80 —0.35 £ 091
CFB to month 24 66 —0.10 £+ 0.96 77 —0.36 + 0.92

* SHS = Sharp/van der Heijde score; CFB = change from baseline; RAMRIS = Rheumatoid Arthritis Magnetic Resonance Imaging

Scoring system.

+ Missing values at month 24 were imputed using linear extrapolation.

1 P =0.025 versus placebo.
§ P < 0.001 versus placebo.
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>0 in the single affected joint, but only a small percent-
age had a modified SHS erosion score of >0 in the sin-
gle affected joint (Table 1).

Efficacy. Imaging. Radiographic assessments of
the single affected joint and full hands and feet demon-
strated that once daily treatment with febuxostat or
placebo for up to 24 months did not lead to any nota-
ble changes in joint erosion (Table 2). In both groups,
the mean change from baseline at all time points in the
modified SHS erosion scores of the single affected joint
were very small. The mean change from baseline to
month 24 in modified SHS erosion scores of the single
affected joint was not statistically significantly different
between the placebo and febuxostat groups. Similarly,
the mean change from baseline to month 24 in the
total modified SHS (erosion and JSN) score of the sin-
gle affected joint was very small in both groups, with
no significant between-group difference (Table 2).

The baseline mean modified SHS total and ero-
sion scores of full hands and feet in both treatment
groups are shown in Table 2. At month 24, there were
no statistically significant differences in the mean
change from baseline in the modified SHS total or ero-
sion scores of full hands and feet between the placebo
and febuxostat groups (Table 2).

MRI assessments of the single affected joint
demonstrated that treatment with febuxostat for up to
24 months did not lead to any notable changes in bone
erosion or bone marrow edema but significantly
improved synovitis. The mean changes from baseline to
months 12 and 24 in RAMRIS bone erosion and bone
marrow edema scores were not significantly different
between treatment groups (Table 2). However, a
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significantly greater reduction in the RAMRIS synovitis
score was observed at months 12 (P = 0.025) and 24 (P
< 0.001) in the febuxostat group compared with the pla-
cebo group (Figure 2) (representative MRI images are
shown in Supplementary Figures 1 and 2, available on
the Arthritis & Rheumatology web site at http://onlinelib
rary.wiley.com/doi/10.1002/art.40233/abstract). When
summarizing RAMRIS synovitis scores in subjects
according to the number of historical gout flares, the
statistically significant differences in change from base-
line were mostly retained between treatment groups. In
subjects with a history of 1 gout flare, there was a signif-
icant between-group difference in the mean + SD
change from baseline in the RAMRIS synovitis score at
month 24 (—0.12 £+ 0.57 versus —0.42 £ (.73 in the pla-
cebo and febuxostat groups, respectively; P = 0.005) but
not at month 12 (—0.10 £ 0.57 versus —0.29 £+ (.75 in
the placebo and febuxostat groups, respectively; P =
0.123).

In subjects with a history of 2 gout flares, the
between-group difference in the mean + SD change
from baseline in synovitis scores was significant at
both month 12 (0.06 + 0.45 versus —0.53 + 0.62 in
the placebo and febuxostat groups, respectively; P =
0.016) and month 24 (0.06 + 0.39 versus —0.50 +
0.65 in the placebo and febuxostat groups, respec-
tively; P = 0.01).

Gout flares. During the first 6 months of the
study, the percentage of subjects with at least 1 flare
was slightly higher in the febuxostat group compared
with the placebo group, although the difference was
not statistically significant (Figure 3). During the subse-
quent months (months 6-12, 12-18, and 18-24), the

Month 12 Month 24
£ .01 0062054 007053 /
E
0
[}
o
g -0.2
g
3
£ -03
S
= -0.34 £0.73
o -04
=
-0.43+0.711
0.5 - m Placebo, n =76

7 Febuxostat, n = 82

Figure 2. Change from baseline in the Rheumatoid Arthritis Magnetic Resonance Imaging Scoring synovitis score. Values are the mean + SD.

* =P =10.025; ¥ = P <0.001.
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Figure 3. Percentage of subjects with at least 1 gout flare.

percentages of subjects with at least 1 flare were all sig-
nificantly lower in the febuxostat group compared with
the placebo group (P < 0.05 for all time periods). Over
the entire study duration, the percentage of subjects
with at least 1 flare was also significantly lower in the
febuxostat group compared with the placebo group
(29.3% versus 41.4%; P < 0.05).

Serum uric acid. Febuxostat provided more
effective serum UA control than did placebo. At base-
line, the mean serum UA levels in the placebo and
febuxostat groups were 8.8 mg/dl and 8.7 mg/dl, respec-
tively. After 2 years, the mean serum UA levels were
8.2 mg/dl in the placebo group and 5.7 mg/dl in the
febuxostat group. Over the course of the study, the pro-
portion of subjects with serum UA levels of <6.0 mg/dl
was consistently significantly higher in the febuxostat
group compared with the placebo group. On day 14
and months 1, 6, 12, and 24, 59.5%, 59.9%, 66.9%,
64.3%, and 62.8% of subjects in the febuxostat group,
respectively, and 0%, 0.7%, 2.2%, 1.7%, and 5.7% in
the placebo group, respectively (P < 0.001 at all time
points) had a serum UA level of <6.0 mg/dl (see Sup-
plementary Figure 3, available on the Arthritis &
Rheumatology web site at http://onlinelibrary.wiley.c
om/doi/10.1002/art.40233/abstract).

Safety. The patterns of observed treatment-emer-
gent AEs (TEAEs) were similar between the placebo
and febuxostat groups (Table 3). Most TEAEs were mild
to moderate in intensity. Elevated liver function test
results were observed in 15 patients in the placebo group
and 21 patients in the febuxostat 40/80 mg group; these
events were mild to moderate in intensity and resolved
without changes in therapy. The incidence of TEAEs

* =P <0.05; ¥ = P <0.01 versus placebo, by Fisher’s exact test.

considered to be treatment-related by the investigator
was low. Common treatment-related TEAEs that were
experienced by >2 subjects in either treatment group
included elevated liver function test results (5 subjects in
the placebo group and 9 in the febuxostat group), ele-
vated skeletal and cardiac muscle test results (2 subjects
in the placebo group and 5 in the febuxostat group), and
dermatitis and eczema (0 subjects in the placebo group
and 3 in the febuxostat group).

Two subjects died during the study. One subject
in the febuxostat group who had a history of congestive
heart failure, hypertension, chronic obstructive pul-
monary disease, and ischemic heart disease died of
congestive heart failure. One subject in the placebo
group with a history of congestive heart failure, cardiac
arrhythmias, myocardial infarction, QT prolongation,
and ischemic cardiomyopathy died of ventricular fibril-
lation. Neither death was considered to be related to
the study drug. The total number of subjects with major
adverse CV events was low (2 subjects in the placebo
group [CV death and unstable angina with urgent coro-
nary revascularization, respectively] and 3 subjects in
the febuxostat group [CV death, nonfatal myocardial
infarction, and unstable angina with urgent coronary
revascularization]).

The rates of other serious TEAEs were similar
between groups, and no trends were observed (Table 3).
Most serious TEAEs were experienced by no more than
1 subject. Most TEAEs leading to discontinuation were
also experienced by only 1 subject, with the exception of
abnormal liver function test results, which were reported
by 4 subjects in the febuxostat group and no subjects in
the placebo group.
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Table 3. Adverse events and markedly elevated liver function test
values in subjects according to treatment group™

Placebo Febuxostat
(n=157) (n =157)
>1 TEAE 76 (48.4) 89 (56.7)
Most frequently reported TEAEs
(>5% of subjects)
Upper respiratory tract infection 21 (13.4) 27 (17.2)
Musculoskeletal and connective tissue 25 (15.9) 21 (13.4)
pain and discomfort
Liver function analyses 15 (9.6) 21 (13.4)
Joint-related signs and symptoms 11 (7.0) 15 (9.6)
Headaches NEC 11 (7.0) 5(.2)
Skeletal and cardiac muscle analyses 11 (7.0) 9(5.7)
Diarrhea (noninfectious) 6 (3.8) 9 (5.7)
Edema NEC 5(3.2) 9 (5.7)
Dermatitis and eczema 4(25) 8(5.1)
Upper respiratory tract signs and 1(<1) 8(5.1)
symptoms
Vascular hypertensive disorders NEC 7 (4.5) 8(5.1)
>1 treatment-related TEAE 20 (12.7) 29 (18.5)
>1 serious TEAE 11 (7.0) 13 (8.3)
>1 TEAE leading to study drug 6 (3.8) 10 (6.4)
withdrawal
Primary MACE 2(1) 3(2)
Cardiac death 1 (<1) 1(<1)
Nonfatal myocardial infarction 0 1(<1)
Nonfatal stroke 0 0
Unstable angina, with urgent 1(<1) 1(<1)
coronary revascularization
Nonprimary MACE 4 (3) 2(1)
Urgent cerebral revascularization 0 0
Hospitalized chronic heart failure 2(1) 0
Arrhythmias not associated with 1(<1) 1(<1)
ischemia
Venous and peripheral arterial 1(<1) 1(<1)
thromboembolic events
Transient ischemic attack 0 0
Other CV events 0 0
Non-CV events 9 (6) 7 (4)
ALT elevation
>3x ULN 4.(2.5) 8(5.1)
>5x ULN 2(1.3) 1(<1)
>10x ULN 1(<1) 1(<1)
>3x ULN and total bilirubin 1 (<)} 0
>1.5x ULN
>3x ULN and total bilirubin 1 (<)} 0
>2.0x ULN
AST elevation
>3x ULN 3 (1.9) 5(3.2)
>5x ULN 2 (1.3) 2 (1.3)
>10x ULN 0 0
>3x ULN and total bilirubin 1 (<)} 0
>1.5x ULN
>3x ULN and total bilirubin 1 (<)t 0
>2.0x ULN
Both ALT and AST >3x ULN 3 (1.9) 2 (1.3)

* Values are the number (%) of subjects. TEAE = treatment-emer-
gent adverse event; NEC = not elsewhere classified; MACE = major
adjudicated cardiovascular event; CV = cardiovascular; ALT = alanine
aminotransferase; ULN = upper limit of normal; AST = aspartate
transaminase.

1 According to Medical Dictionary for Regulatory Activities high
level terms.

1 The subject experienced a serious AE (severe hepatic infection) on
day 548. The event resolved on day 566, and elevated liver function
test values later resolved to normal. The event was considered by the
investigator to be unrelated to treatment, and the subject continued
in the study.
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DISCUSSION

To our knowledge, this is the first randomized
controlled study examining the effects of urate-lowering
therapy in subjects with early gout. The primary end
point was change in the radiographic erosion score in
the single affected joint. However, very little radio-
graphic damage was observed at baseline, and there was
no change over the 24-month study period in either
group. In contrast, MRI-detected synovitis in the single
affected joint was observed in most subjects at baseline,
and febuxostat treatment led to significantly greater
improvements in RAMRIS synovitis scores compared
with placebo. Recurrent flares affected >40% of the pla-
cebo group over the 2-year period. Over the study per-
iod, treatment with febuxostat significantly reduced the
incidence of gout flares compared with placebo. Febux-
ostat was generally well tolerated in this population of
subjects with early gout.

The current study provides important new infor-
mation about the natural history of joint damage in
subjects with gout. Joint damage has been associated
with tophaceous gout (6,8), which is typically a late fea-
ture that often develops >10 years after initial gout pre-
sentation if the disease is left untreated (16). In this
study of early gout, erosion on plain radiography was
infrequently observed at baseline, and no change in
erosion scores in either group was noted over the
2-year study period. The lack of evidence of progres-
sion in both the febuxostat and placebo groups is in
stark contrast to radiographic progression in the early
stages of other forms of erosive arthritis, such as RA
(17,18). Because no studies of radiographic progression
in gout were available at the time of study design, the
sample size for this study was calculated based on
radiographic progression in patients with early RA. The
results of the current study suggest that the natural his-
tory of radiographic damage in gout is quite different
from that in RA.

Consistent with other imaging studies in patients
with gout (10,19), MRI detected significantly more
erosions and also revealed that most subjects had
evidence of synovitis at baseline. A key finding of the
current study is that febuxostat treatment led to greater
improvements in MRI-detected synovitis over the 2-year
period compared with placebo treatment. To our knowl-
edge, this trial is the first to demonstrate that urate-low-
ering therapy can improve synovitis in subjects with gout.
Importantly, MRI scanning was not undertaken when a
gout flare was clinically apparent. Although MRI is not
routinely used for gout assessment in clinical practice, it
is a useful tool in research settings due to its sensitivity
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for detecting inflammation and joint damage (20). The
clinical implications of subclinical synovitis in patients
with gout are uncertain; in particular, it is unknown
whether synovitis is a risk factor for future flares or joint
damage, as is the case with other forms of inflammatory
arthritis, such as RA (21). However, consistent with the
reduction in MRI-detected synovitis, febuxostat treat-
ment also significantly reduced the incidence of gout
flares over the 2-year study period.

Changes in the incidence of gout flares during
this study contrast with the results of previous phase 11
and phase III randomized clinical trials (RCTs) of
febuxostat, in which the treatment arms did not demon-
strate benefit in flare control compared with the con-
trol arms (22-24). There are a number of reasons for
the discordance in results of the current study and
those of previous RCTs of febuxostat.

First, subjects in the current study had early
gout and thus were different from those with a much
longer disease duration in previous RCTs; because of
their early disease stage, the subjects in the current
study may also have had a lower urate crystal burden
and, therefore were likely to experience a faster flare
benefit from urate-lowering therapy.

Second, even in subjects with early gout, the ben-
efits in terms of flare control in this placebo-controlled
RCT were observed only after 6 months of febuxostat
treatment. The only other placebo-controlled RCT of
febuxostat had a duration of 28 weeks and did not
demonstrate any between-arm difference in the flare
rate toward the end of the study (24). This result was
consistent with the findings in our study when the sub-
jects were treated for 28 weeks.

Third, according to previous studies, subjects with
gout often experience an increased risk of flare in the ini-
tial phase of urate-lowering therapy, which may increase
the between-arm difference in the rate of gout flares (25).

Finally, an RCT of longer duration (up to 52
weeks) used another urate-lowering drug, allopurinol,
as an active comparator (23). Because in that study, a
reduced incidence of flares was observed in both treat-
ment arms over 1 year, the between-arm difference was
not as significant as that in the current study. This
reduction in the number of flares has particular timely
significance, because the recent American College of
Physicians guidelines cite a lack of RCT evidence show-
ing the benefit of urate-lowering therapy for improving
symptoms such as flares (26).

One limitation of the current study is the high
rate of subject discontinuation, although a high rate of
withdrawal is common in long-term gout trials (27,28).
In our study, the overall discontinuation rates and the
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reasons for discontinuation were balanced between the
febuxostat and placebo groups. The most common rea-
sons for discontinuation in both groups were loss to fol-
low-up and voluntary withdrawal. Although the rate of
voluntary withdrawal was slightly higher in the placebo
group, the most common reasons for voluntary with-
drawal were a work schedule conflict and relocation,
which were unrelated to the treatment that subjects
received. For these reasons, it is unlikely that subject
discontinuation would result in selection bias.

In the 2012 ACR gout management guidelines, it
is recommended that urate-lowering therapy should be
prescribed for patients with frequent flares, typically at
least 2 flares in the preceding year (3). In the more recent
2016 European League Against Rheumatism guidelines
it is recommended that urate-lowering therapy be consid-
ered after the first gout flare (29). In the current study of
early gout, febuxostat led to a significantly higher propor-
tion of subjects achieving serum UA target levels of <6
mg/dl, improved the MRI synovitis score, significantly
reduced flare frequency over the 2-year study period, and
was well tolerated. Most TEAEs were not considered to
be treatment-related, and very few led to early discontin-
uation of the study drug. Increases in liver function test
values were mild to moderate in severity, and most
resolved by the end of the study. No new safety concerns
were identified in subjects receiving febuxostat 40/80 mg
once daily for up to 2 years.

In conclusion, this study demonstrated that initi-
ating treatment with febuxostat in subjects with <2 gout
flares can reduce synovitis, prevent future gout flares,
and improve serum UA control without any outstand-
ing safety concerns. The results suggest that reducing
serum urate levels in patients with early gout may pro-
vide treatment benefits.
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